Establishing a Large-Animal Model for In Vivo Reprogramming of Bile Duct Cells into Insulin-Secreting Cells to Treat Diabetes.
Type 1 diabetes manifests as autoimmune destruction of beta cells requiring metabolic management with an exogenous replacement of insulin, either by repeated injection of recombinant insulin or by transplantation of allogeneic islets from cadaveric donors. Both of these approaches have severe limitations. Repeated insulin injection requires intensive blood glucose monitoring, is expensive, and is associated with decreased quality-of-life measures. Islet transplantation, while highly effective, is severely limited by shortage of donor organs. Clinical translation of beta cells derived from pluripotent stem cells is also not yet a reality, and alternative approaches to solving the replacement of lost beta cell function are required. In vivo direct reprogramming offers an attractive approach to generating new endogenous insulin-secreting cells by permanently altering the phenotype of somatic cells after transient expression of transcription factors. Previously, we have successfully restored control of blood glucose in diabetic mice by reprogramming liver cells into glucose-sensitive insulin-secreting cells after the transient, simultaneous delivery of three transcription factors (Pdx1, Ngn3, and MafA) to the liver of diabetic mice, using an adenoviral vector (Ad-PNM). Establishing a clinically relevant, large-animal model is a critical next step in translating this approach beyond the proof-of-principle stage in rodents and allowing investigation of vector design, dose and delivery, host response to vector infusion, and establishment of suitable criteria for measuring safety and efficacy. In this feasibility study we infused Ad-PNM into the liver of three diabetic cynomolgus macaques via portal vein catheter. Vector presence and cargo gene and protein expression were detected in liver tissue after infusion with no adverse effects. Refinement of immune suppression significantly extended the period of exogenous PNM expression. This pilot study establishes the suitability of this large-animal model to examine the translation of this approach for treating diabetes.